The work deals with vegetation zonation in temporary ponds within cold holes in the Western Taurus mountain chain. There are two main factors that cause differentiation within the studied vegetation: one relates to the microtopography, the other to altitude. In the bottom of temporary ponds, marsh vegetation of Ranunculo argyrei-Tanacetea argentei (Sedo nani-Convolvuletalia galactici) appears (an endemic class vicariant to Scheuchzerio-Caricetea fuscae); in the intermediate zone, the vegetation is dominated by therophytes of Stellarietea mediae (Thero-Brometalia) and in the upper part, there is vegetation of hygrophilous grassland communities of Molinio-Arrhenatheretea (Potentillo-Polygonetalia). This zonation of communities can be found at lower altitudes (up to 1600 m); whereas at higher altitudes, the intermediate zone dominated by therophytes gradually disappears and then also the hygrophilous grasslands. The work also provides a description of new syntaxa, to wit: Ranunculo argyrei-Tanacetea argentei, Sedo nani-Convolvuletalia galactici, Rorippo aureae-Eleocharidion quinqueflorae, Sedo nani-Ranunculetum argyrei, Trifolio caudati-Hordeion geniculati, Taeniathero caput-medusae-Hordeetum geniculati, Alopecuro vaginati-Trifolion resupinati and Ornithogalo lanceolati-Elymetum repentis.
Introduction
The vegetation of temporary ponds has been the object of many studies in the world (e.g. in California (Emery & al. 2008) , central Europe (Šumberová et al. 2005) , Mediterranean basin (Zaharias et al. 2008) ). In the Mediterranean basin, vegetation of intermittently flooded habitats is in most cases classified within the class of Isoëto-Nanojuncetea (Deil 2005) , but also vegetation of other classes, such as Helianthemetea, Molinio-Arrhentheretea, or Scheuchzerio-Caricetea appears. (Rudner 2005; Hájek et al. 2008b) The vegetation of intermittently wet habitats is well studied in Europe, but there is a lack of data towards the southeast. This has stimulated researchers to gather data and studies have appeared from Bulgaria (Hájek et al. 2008a (Hájek et al. , 2008b and Iran (Naqinezhad et al. 2009 ) in the last year, but a huge area in between remains poorly explored. So a broad synthesis of the diversity of this vegetation in Europe and Asia cannot be realized.
The present study focuses on intermittently flooded habitats in Turkey. The first information about Isoëto-Nanojuncetea-vegetation appeared in 1999 (Kür-schner & Parolly 1999) . Some indications of Isoëtalia-communities already exist in Quézel (1973) , but these communities do not correspond to the present understanding of this syntaxon (Parolly 2004) . There are also communities in the high mountains periodically flooded by melt water, which have been well studied in the area of the western Taurus and classified within the class of Trifolio-Polygonetea (e.g. Quézel 1973; Kürschner et al. 1998; Eren & al. 2004) .
However, the vegetation of temporary ponds appearing in sink holes, in which cooler air is retained and they are therefore called cold holes, in the altitudinal belt of Cedrus libani forests has not been studied. There are some results within the context of investigations of Cedar forests (Ç etik 1976) and ecological studies (Šilc et al. 2010 ) but there have been no studies focusing on the species composition of vegetation communities of non-forest vegetation in cold holes.
The vegetation was sampled in cold holes found in the matrix of cedar forest and there is a sharp transition between forest and non-forest vegetation at the bottom of a cold hole. Forest cannot grow in these cold holes and they are therefore potentially non-forest areas. There are two main factors that cause the special ecological conditions. One is the cold air that is retained in the holes and the other is that the holes are filled with water during winter and early spring and they dry out in May and June. Zonation of vegetation in the cold hole itself is caused by periods of flooding and accumulation of soil and organic material, which is more intense at the bottom. Cold holes are used as extensive pastures for sheep, goats (mainly at higher altitudes), wild horses and the horses of forest workers.
The aim of the work was to sample the vegetation of temporary ponds in cold holes in the vegetation belt of Cedar libani forests. We tried to show the micro-topographic and altitudinal differentiation of plant communities, to discover their characteristics and the diagnostic species of individual groups, as well as to determine associations and to place them in a broader classification system.
Area and methods
The research took place in the western part of the Taurus mountain chain. The area lies at latitude 36
• N and longitude 29
• E; the exact localities are listed in the appendix. The vegetation was sampled in the vegetation zone of Cedar forests, which extend from an altitude of 1000 to 2000 meters (Akman et al. 1979) Climatic data are available only for Ç amkuyu (1600 m a.s.l.): mean annual temperature 7.5
• C and annual precipitation of 615.5 mm; most of the precipitation is between November and February and the dry season extends from May to September. The Taurus mountain chain is mainly under the effect of Mediterranean climate, but at higher altitudes, where the cold holes are situated, the climate is different than the lower zones. This upper altitude climate is known as a "high mountain climate" or "Mediterranean mountain climate", which is characterized by dry summers with cool nights and hot days with few clouds and high light intensities; winters are cold, with most of the annual precipitation occurring as snow (Boydak & Ç alıkoglu 2008) .
The formation of the Taurus Mountains like other mountains in the Mediterranean basin was closely associated with Alpine orogeny and is considered as its extension. The Taurus Mountains are formed by crystalline hard calcareous bedrock of the Mesozoic age, and look like the Dinaric Alps and the mountains of the northern calcareous Alps. The upper parts of the Taurus Mountains are mainly covered by cedar forests, which used to be distributed in northern Europe and North America one hundred million years ago. The fossils found in northern Yugoslavia and western Bulgaria show that there was a connection in the past between these regions, the Taurus and Atlas Mountains. Cedar then totally disappeared from Europe at the beginning of glacial age. (Gams 1955; Mayer & Sevim 1959; Karaman & Kibici 1999; Atalay 2002; Thompson 2005) The vegetation was sampled according to the Central European standard method (Braun-Blanquet 1964) . The sample plot, called a relevé, was 2 × 2 m in all cases. The micro-topography was calculated on the basis of the corner function, measuring the distance and angle of the relevé from the bottom of the cold hole. The altitude was measured with GPS and verified by topographic map. After taxonomic revision of plant material according to Davis (1965 Davis ( -1985 and Davis et al. (1988) , samples were entered in the Turboveg database (Hennekens & Schaminée 2001) and elaborated by the Juice program (Tichý 2002) . We first classified the data set using Ward's method and the Euclidian (Pythagorean) index as a distance measure in the PC-ORD 5.0 program (McCune & Mefford 1999) . We accepted the division into four clusters, which is the most ecologically sound. We subjectively chose a fidelity value (ϕ) of 0.30 for species to be diagnostic in the dataset (Chytrý & al. 2002) . In order to understand better the ecological circumstances in the studied vegetation, DCA was performed in the CANOCO 4.5 program; values of micro-topography (relative height in cm) and altitude were passively projected onto the diagram plot and the correlation between these values and the main ordination axes was calculated (ter Braak & Šmilauer 2002; Zelnik & Čarni 2008a) . Life forms and lifespan traits were determined according to Davis (1965 Davis ( -1985 , Davis et al. (1988) and Pils (2006) and the number of plants with an individual life form in an individual cold hole was correlated with the micro-topography using a nonparametric Kendall coefficient in STATISTICA version 8.0 (Anon. 2007).
Results
The classification of communities revealed four clusters, with the following diagnostic species (Table 1) .
Relevés in cluster 1 are dominated by perennial grasses Alopecurus vaginatus, Elymus repens and Poa bulbosa; some other perennials also appear, such as Galium verum, Ornithogalum lanceolatum, Potentilla recta, Salvia virgata, Taraxacum aleppicum, Trifolim hybridum, as well as some annuals, such as Erophila verna, Myosotis ramosissima and Trifolium resupinatum. The species composition is a mixture of geophytes, hemicriptophytes and therophytes and resembles a hygrophilous meadow.
Cluster 2 is characterized by annuals, such as Aegilops umbellulata, Anthemis wiedemanniana, Bromus squarrosus, Hordeum geniculatum, Cerastium fragillimum, Erodium cicutarium, Polygonum bellardii, Ranunculus arvensis, Taeniatherum caput-medusae, Vicia villosa (can be also biennial) and Valerianella turgida, as well as some perennials, such as Bromus tomentellus, Cardaria draba, Convolvulus arvensis, Muscari tenuifolium, Phlomis armeniaca, Plantago laceolata, Trifolium caudatum, Trisetum flavescens and Astragalus pinetorum. There is a mixture of life forms, including therophytes, geophytes and hemicriptophytes, but the proportion of therophytes is the highest in this cluster.
Cluster 3 and cluster 4 are similar. Species that are characteristic of marshes appear, predominantly hemicriptophytes.
Cluster 3 is characterized only by the abundant appearance of Tanacetum argenteum.
Cluster 4 is characterized by plants that are adapted to lengthy flooding, such as Eleocharis quinqueflora, Ranunculus argyreus, Rorippa aurea and Velezia quadridentata. These communities are found in the bottom of the cold holes.
The DCA diagram of relevés with passively projected micro-topography (Fig. 1a) shows that, at the bottom of the cold hole, there are relevés that cor- Table 1. Analytical table of 
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A. Kavgaci et al. respond to cluster 4 and cluster 3, then relevés from cluster 2 in the intermediate zone and, finally, relevés from cluster 1 on the highest sites. Some relevés dominated by therophytes (cluster 2) appeared on the highest micro-locations in the cold hole located at the lowest altitude (1240 m). The reason is the special microtopography of this cold hole. The same DCA ordination diagram with passively projected altitude (Fig. 1b) shows that altitude is also an important factor for differentiation of communities. The relevés are distributed in groups according to individual cold holes or altitude, respectively. Relevés dominated by therophytes (cluster 2) do not appear at higher altitudes and relevés from cluster 4 (extreme marshy sites) are more concentrated at higher altitudes (see Fig. 1a ).
If plants with an individual life form are correlated with the micro-topography of individual cold holes (Table 2), it can be seen that the number of therophytes and geophytes increases at lower altitudes with microtopography, but at a higher altitude only the number of hemicryptophytes increases. Relevés from cluster 2 do not appear at higher altitudes at all and relevés from cluster 1 are represented only by some species poor relevés and relevés from cluster 4 are more concentrated at higher altitudes.
Discussion
In terms of altitudinal gradient, marsh vegetation is better developed at the higher altitudes and communities dominated by therophytes and hygrophilous meadow have their ecological optimum in lowlands; at lower altitudes, the zone of marsh vegetation is limited to the extreme bottom of the cold hole and the zonation in micro-topography is well expressed: marsh (cluster 4) -marsh of transitional type (cluster 3) -therophytic vegetation (cluster 2) -hygrophilous meadow (cluster 4).
On the basis of previous research, it was expected that Isoëto-Nanojuncetea vegetation would appear in the temporary ponds. However, the ecological conditions are too severe for the development of typical Mediterranean Isoëto-Nanojuncetea vegetation. In Turkey, this vegetation type can only be found in lowlands up to 500 m (Kürschner & Parolly 1999 ). In our case, therophyte rich vegetation that does not belong to Isoëto-Nanojuncetea appears in the intermediate zone between marsh vegetation and hygrophilous meadow, where flooding oscillation maintains a certain degree of instability. On the other hand, in our case the altitudes are too low for high mountain vegetation of the class Trifolio-Polygonetea to develop.
It should be taken into consideration that 30.6 % of Turkish plant species are endemic. Compared to the Alps, where flora survived the ice age in refuges and then recolonised the area, there was only ice on the highest peaks in Anatolia and so the whole Anatolia was a refuge; recolonisation was thus fairly limited, species remained in their habitats and species with a narrow distribution pattern are therefore common. At the same time, the surface of Anatolia is strongly fragmented, which enables a high degree of speciation Pils 2006) . The vegetation of cold holes is isolated and many endemic species can thus be found there, such as Achillea phrygia, Anthemis wiedemaniana, Convolvulus galacticus, Phlomis armeniaca, Rorippa aurea, Tanacetum argenteum subsp. lanum, Trifolium caudatum. Nowadays, the most important vector for distribution of plant species is cattle, which explains the appearance of species with a circum-Mediterranean distribution pattern (e.g. Taeniatherum caput-medusae) in these communities. The endemism and high biodiversity are why new syntaxa have been described and only a limited floristic similarity with European vegetation can be found.
In comparison with Central Europe, a shift of grassland vegetation upwards can be recognized. Hájek et al. (2008a) found that vegetation similar to that in the lowlands of Central Europe can be found at middle altitudes (900-1300 m) in Bulgaria; in Iran it appears at 1800-2500 m (Naquinezhad et al. 2009 ) and at 1300-1700 m in the research area. Table 2 . Left: Kendall non-parametric correlation between micro-topography and life forms in different cold holes (* P < 0.5; ** P < 0.1) depending on altitude; Right: + -relevés from individual clusters present at different altitudes. In terms of life forms, our results agree with other studies. Altitude should be considered as a complex gradient, with temperature in general decreasing with altitude and precipitation increasing. More hemicriptophytes, which are associated with a cold and humid environment (Raunkiaer 1934), can be found at higher altitudes, which has already been noticed in other mountains (Klimeš 2003; Naqinezhad et al. 2009 ). On the other hand, the situation with therophytes is the opposite; they are the dominant life forms in regions with a Mediterranean climate (Giménez et al. 2004) and are therefore more common at lower altitudes.
Clusters
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On the highest sites in cold holes that are flooded for the shortest period, therefore, communities dominated by Elymus repens (cluster 1 in Table 1 ) can be found. Elymus repens is also found as the dominant species in hygrophilous meadows in Central Europe; and there are also some other species that show a floristic connection with hygrophilous meadows of Potentillo-Polygonetalia, such as Galium verum, Trifolium resupinatum and Trifolium hybridum (Ellmauer & Mucina 1993) . These species enable us to classify the communities in the order Potentillo-Polygonetalia, but other species appearing in these communities do not allow us to classify them into an already established alliance and we therefore propose a new alliance Alopecuro vaginati-Trifolion resupinati Čarni in Kavgaci et al. all . nova hoc loco, holotypus: Ornithogalo lanceolati-Elymetum repentis. The alliance is characterized by the species Alopecurus vaginatus and Taraxacum aleppicum, as well as some other species appearing in Table 1 . The association Ornithogalo lanceolatiElymetum repentis Čarni in Kavgaci et al. ass. nova hoc loco, holotypus is shown in Table 1 /relevé 1. Diagnostic species are indicated in the table the same as of the alliance.
The therophytic vegetation corresponding to cluster 2 in Table 1 can be classified in the order TheroBrometalia (syn. Brometalia rubenti-tectorum), an order that is classified within Stellarietea mediae (RivasMartínez et al. 2002; Rodwell et al. 2002) .
However, some investigations (Fanelli & Lucchese 1998) have shown that the order Brometalia rubentitectorum is not sub-nitrophilous. The main ecological factor is not nutrient availability, but growth strategy, including rapid grow, optimal seed dispersal, high germination capacity etc. In this sense, the optimization of resource exploitation suggests that these species have a less pronounced demand for nutrients and are thus capable of occupying relatively unfavorable niches. One of the most important factors is disturbance, which disrupts the equilibrium of the vegetation and always starts a reconstruction process through pioneer stages. The species has a mainly r strategy, in comparison with hygrophilous meadow, where the cr strategy prevails (Grime 2001; Zelnik & Čarni 2008b) . Therefore these communities mediate with the class of Mediterranean communities dominated by annual low-grown herbs and grasses Stipo-Trachynietea.
The community in the area should be classified in the new alliance Trifolio caudati-Hordeion geniculati Čarni in Kavgaci all. nova hoc loco, holotypus hoc loco: Taeniathero caput-medusae-Hordeetum geniculati. This is a vicariant alliance to Taenianthero-Aegilopion geniculatae, found in regions with a Mediterranean climate with a well pronounced continental character in the western Mediterranean (Rivas-Martínez & Izco 1977) . There is also an indication of such vegetation from the eastern Mediterranean (Zohary 1973 Marsh communities appear at the bottom of the cold holes. They correspond to clusters 3 and 4 in Table 1 . Ecologically similar communities have been found in central and southeast Europe where such species poor, low productivity marsh communities, dominated by low competitive species, are classified into Scheuchzerio-Caricetea fuscae (Steiner 1993; Há-jek 2002; Dítě et al. 2007; Hrivnák et al. 2008; Há-jek et al. 2008a) . However, in the researched region no species can be found that show an affinity to Scheuchzerio-Caricetea fuscae, except Eleocharis quinqueflora, which displays a very wide ecological niche: it can be an indicator of oxygeneated water (Steiner 1992; Dítě et al. 2006) or appear in salt marshes (Mucina 1993 ); this does not provide an argument for classifying the community under consideration into Scheuchzerio-Caricetea.
These communities have been isolated for a long time and a high degree of endemism appears. Even in recent times, when the main vector for the distribution of plants has been cattle, the connection (gene flow) of these communities with similar ones is very limited, since similar habitats are isolated and quite distant.
Since the classification is based on floristics, it was decided to describe a new endemic class of vegetation of marsh vegetation that appears in southern Anatolia. Similar vegetation in Bulgaria has been classified within Scheuchzerio-Caricetea, because at least some species show an affinity to the class (e.g. Epipactis palustis, Carex lepidocarpa) (Hájek et al. 2008b) ; the classification of such vegetation in Iran is still in preparation (Naqinezhad et al. 2009 . nova In conclusion we can state that the present work offers an insight into the vegetation of temporary ponds in cold holes in the Taurus mountain chain. This has until now been a neglected type of vegetation, which also needs additional study in other parts of Turkey, in order to obtain a complex, ecological and synsystematical view of this vegetation on a broader scale. However, the first steps have been taken and they offer new challenges for the future.
